Abstract Novel antenna operating at the Low-UWB band BAN (Body Area Network) is presented in this paper. Basically, the antenna offers an omnidirectional radiation pattern without the cavity presence. However, the proposed antenna changes the radiation behavior to directional radiation pattern with 5.5 dBi increase in gain by introducing an air cavity. The antenna performances were assessed in free-space and simulations were carried out by CST Microwave Studio software. The detailed antenna study shows that the proposed antenna could be considered a good on-body antenna for Low-UWB applications, in particular for Wireless Capsule Endoscopy (WCE) localization.
I. INTRODUCTION
Last years, UWB antennas have gained more attention because of its wide range use in several applications. These antennas are strongly present in wireless communications, radar sensing, receiver systems [1] [2] [3] , etc. However, nowadays new technologies tend towards Low-UWB band, for example for WCE (Wireless Capsule Endoscopy) systems and particularly for capsule localization approaches [4] [5] . This frequency range attracts more researcher focus especially for clinical use, where high image resolution is the main exigency. Besides that, the presence of the human body requests the use of lower UWB frequencies so as to mitigate the path losses in the communication link [5] . A vigilant research for WCE localization systems and approaches shows the unavailability of receiving antennas working at Low-UWB Band (IEEE 802.15.6 standard) [6] designed for WCE localization purposes. It is well known that, receiving antennas answer to some requirements, mainly the good directivity. In this perspective, various approaches are involved like the cavity approach known by guaranteeing good directivity besides high gain [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The present paper proposes a novel Low-UWB directional antenna achieving high gain and in compliance with IEEE 802.15.6 standard for BAN (Body Area Networks). The antenna is not restricted only to radar applications, but can be also a good receiving on-body antenna useful for WCE (Wireless Capsule Endoscopy) localization scenario. Comparing the proposed antenna to the new available UWB antennas [19] , it is clearly resulted that the proposed directional antenna has good performances. The paper is organized as following: Section II brings the overall antenna structure, Section III presents the antenna study and analysis, and finally Section IV provides a conclusion and the work perspectives.
II. ANTENNA STRUCTURE
The proposed Low-UWB planar monopole antenna is printed on one side of FR-4 material ( with 1.6 mm thickness (hs), as illustrated in Fig. 1 . The antenna is fed by a 50 (W4) and length (L2+L3) of the transmission line is 2 and 10.8 mm, respectively. The gap (W3) between the feed line and the ground plane is 0.25 mm. The radiating element form of the antenna is constituted of a rectangle and a halfcircle shape (of radius R) combination. The antenna overall size is 36×34×1. 6 . Detailed optimized parameters of the proposed UWB antenna is summarized in Table I . 
A. Proposed antenna
All antenna parameters affect the antenna performance in terms of frequency response, efficiency, maximum gain, etc. However, this part presents in short the antenna reflection coefficient results by tuning only the main antenna parameters L3, W5, W2, and R.
The reflection coefficient of the proposed Low-UWB antenna by varying L3, is presented in Fig. 2 . It is clearly shown that, increasing L3 from 0.4 to 1.2 mm with a step of 0.4 mm results in broadening the -10 dB bandwidth, particularly increasing the upper frequency from 4.25 to 4.73 GHz, while the low frequency remains constant at 3.62 GHz. Besides, results show that L3 parameter affect significantly to the resonance frequency and, hence the maximum achieved reflection coefficient. On the other hand, from the different reflection coefficient plots, it seems that another resonance could occur at 2 GHz with the L3 value shift. The optimized L3 value is chosen to be 0.8 mm.
The reflection coefficient of the proposed Low-UWB antenna by varying W5 is shown in Fig. 3 . Results show that the resonance frequency remains the same at 4 GHz by shifting W5 parameter. Decreasing W5 parameter from 20 to 18 mm with a step of 1 mm, result in an increase in the maximum reflection coefficient from -40.4 dB to -16.6 dB. At the lower frequency a slight shift is obtained with an average value of 2.65 GHz, while at the upper frequency a significant increase is resulted from 4.42 to 4.73 GHz.
The reflection coefficient of the proposed Low-UWB antenna by varying W2 parameter is plotted in Fig. 4 . W2 tune, from 17 to 18 mm with 0.5 mm step, can be considered one evidence to present general idea about the ground plane size effect on the antenna behavior/performances. Results show that the ground plane width has no effect either on the bandwidth [3.62-4.73 GHz] or on the resonant frequency 4 GHz. The optimized W2 value is chosen to be 17.5 mm.
The reflection coefficient of the proposed Low-UWB antenna by varying R is shown in Fig. 5 . Results show that a slight increase of R parameter from 10.5 to 11.5 mm with a step of 0.5 mm result in a slight shift to the left of the frequency response, with a bandwidth and resonant frequency of [3.62-4 The input impedance of the proposed Low-UWB antenna at 4 GHz extracting the real and imaginary part is depicted in Fig. 6 . At 4 GHz, the antenna proves a good impedance matching, since the real part of the input impedance is 50.21 50 imaginary part is -0.31 0 current distribution of the proposed Low-UWB antenna is illustrated in Fig. 7 . Dense current is concentrated on the radiating element edge.
The proposed Low-UWB antenna reaches maximum gain up to 3.25 dBi over the bandwidth [3.62-4. Fig. 8 (a) . Radiation and total efficiencies are plotted in Fig. 8 (b) , both result parameters are below -1 dB over the studied bandwidth. Therefore, it is concluded that the proposed antenna radiates well in the frequency range of interest [3.6-4.6 GHz].
Maximum directivity and gain values of the proposed Low-UWB antenna at different frequencies are shown in Table II and III, respectively. The antenna has an omnidirectional radiation pattern toward Y-axis, corresponding to a monopole kind of radiation, with maximum directivity of 3.04, 3.25, 3.12, 3.06 and 3.66 dBi at 3.62, 3.75, 4, 4.25 and 3.73 GHz, respectively. The radiation pattern of the proposed Low-UWB antenna at the previously listed frequencies according to different cuts (Theta=90°, Phi=90°, Phi=0°) are plotted in Fig. 9 .
B. Cavity-backed approach
The present section presents the proposed Low-UWB antenna using the cavity-backed approach as illustrated in Fig. 10 . The air cavity presents an efficientsolution to enhance the antenna gain by 5.5 dBi compared to a monopole presented in Section III A. Furthermore, radiation pattern is strived to change the behavior from omnidirectional to directional. The overall dimensions of the cavity are 96×94×51.6 corresponding to 1.28 ×1.25 ×0.69 (with is the wavelength at 4 GHz). The ideal antenna position inside the cavity is in the center with X=30 mm, Y1=35 mm, Y2=25 mm, and Z1=Z2=25 mm. All cavity parameters affect somehow the proposed antenna performances in terms of frequency response, efficiency and maximum achieved gain, etc. However, this section investigates in short the cavity-backed antenna behavior (reflection coefficient result parameter) by tuning only the main significant cavity parameters Z1, Y1 and X.
The reflection coefficient of the proposed Low-UWB cavity-backed antenna by varying Z1 is studied in Fig. 11 . Results show that an increase of Z1 parameter from 12.5 to 25 mm by a step of 6.25 mm result in a significant increase in the maximum reflection coefficient from -14.2 to -49.9 dB. Besides that, bandwidth is broadened with the increase of Z1 from 12.5 to 25 mm with bandwidths of and [3.49-5.7 GHz], respectively. On the other hand, it seems from the Fig. 13 that Z1 parameter affects to the appearance of the undesired frequency occurred at 2 GHz. Therefore, by tuning accurately Z1 parameter value, will lead to the cancellation of this undesired frequency. The optimized Z1 value is chosen to be 25 mm. The reflection coefficient of the proposed Low-UWB cavity-backed antenna by varying Y1 is investigated in Fig. 12 . Results show that increasing the parameter Y1 from 25 to 35 mm result in a slight shift in the low frequency from 3.6 to 3.49 GHz, while high frequency is increased from 5.1 to 5.7 GHz. Optimized Y1 value is chosen to be 35 mm.
The reflection coefficient of the proposed Low-UWB cavity-backed antenna by varying X is presented in Fig. 13 . Results show that tuning X parameter has no effect on the low frequency, however high frequency is sensitive to this parameter. Furthermore, by raising the parameter X the maximum reflection coefficient significantly increases from -30 to -49.9 dB. Fig. 10 . Geometry of the proposed Low-UWB cavity-backed antenna. The proposed Low-UWB cavity backed antenna reaches maximum gain of 10 dBi at 5.7 GHz. As demonstrated in Fig. 14 (a) , the maximum gain values at 3.75, 4 and 4.25 GHz are 7.5, 8.5 and 7.75 dBi, respectively. Radiation and total efficiencies are plotted in Fig. 14 (b) , both result parameters are better than -1 dB over the studied bandwidth. Therefore, it is concluded that the proposed Low-UWB cavity-backed antenna radiates well in the frequency range of interest [3.49-5.7 GHz]. The angular 3dB width for const Phi=0° over the bandwidth in question is presented in Fig. 14 (a) . At 4 GHz, an angular 3dB width of around 43 deg is shown.
Maximum directivity and gain values of the proposed Low-UWB cavity-backed antenna at different frequencies are shown in Table IV and V, respectively. The proposed Fig. 15 .
IV. CONCLUSION AND PERSPECTIVES
This paper presents a new Low-UWB antenna providing directional and omnidirectional radiation patterns with and without the cavity approach, respectively. Both antenna approaches cover IEEE 802.15.6 standard requirements in terms of -10 dB impedance matching for (Body Area Network Part) which includes 4 GHz center frequency and bandwidth about [3.75-4. 25 GHz]. The cavity was introduced to enhance the gain and provide more directivity of the proposed antenna. Besides, it has broadened the required bandwidth up to 5.7 GHz which can be good to assess the antenna behavior for relatively higher frequencies. Further investigations are planned as following steps based on realistic human models, with fabrication and test process. The present investigation study proves that the proposed antenna can be considered a good candidate for Low-UWB applications for example for Wireless Capsule Endoscopy Localization that requires the design of a high gain and directive receiving antenna.
